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Abstract 

Background: A recent study showed higher high-sensitivity cardiac troponin | 
(hs-cTnl) concentrations in healthy dogs eating grain-free (GF) compared to those 
eating grain-inclusive (Gl) diets. 

Hypothesis/Objectives: Healthy dogs with subclinical cardiac abnormalities eating 
GF diets at baseline will show improvements in cardiac biomarkers and echocardio- 
graphic variables after diet change, whereas healthy dogs eating GI diets at baseline 
will not improve. 

Animals: Twenty healthy dogs with subclinical cardiac abnormalities (12 Golden 
Retrievers, 5 Doberman Pinschers, 3 Miniature Schnauzers). 

Methods: This prospective study included dogs with increased hs-cTnl or N-terminal pro- 
B-type natriuretic peptide (NT-proBNP) concentrations, or echocardiographic abnormali- 
ties. Mixed modeling was used to evaluate echocardiographic, hs-cTnl, and NT-proBNP 
differences between groups (GF or Gl diet at baseline) over time (1 y after diet change). 
Results: Ten GF and 10 GI dogs were evaluated. There were statistically significant 
time: group interactions for hs-cTnl (P = .02) and normalized left ventricular internal 
systolic diameter (LVIDsN; P = .02), with GF dogs showing larger decreases in these 
variables than GI dogs. Median (range) hs-cTnl (ng/mL) for GF dogs was 0.141 
(0.012-0.224) at baseline and 0.092 (0.044-0.137) at 1 y, and for GI dogs was 0.051 
(0.016-0.195) at baseline and 0.060 (0.022-0.280) at 1 y. Median LVIDsN for GF 
dogs was 1.01 (0.70-1.30) at baseline and 0.87 (0.79-1.24) at 1 y, and for GI dogs 
was 1.05 (0.84-1.21) at baseline and 1.10 (0.85-1.28) at 1 y. 

Conclusions and Clinical Importance: Decreased hs-cTnI and LVIDsN in GF dogs 


after diet change supports reversibility of these subclinical myocardial abnormalities. 


KEYWORDS 
grain-free, hs-cTnl, NT-proBNP, nutritional dilated cardiomyopathy, troponin 


Abbreviations: DCM, dilated cardiomyopathy; EDVI, end diastolic left ventricular volume index; EF, ejection fraction; ESVI, end systolic left ventricular volume index; FS, fractional shortening; 


GF, grain-free; Gl, grain-inclusive; hs-cTnl, high-sensitivity cardiac troponin I; LV, left ventricular; LVIDdN, normalized left ventricular internal diameter in diastole; LVIDsN, normalized left 


ventricular internal diameter in systole; NT-proBNP, N-terminal pro-B-type natriuretic peptide; VPC, ventricular premature complexes. 
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1 | INTRODUCTION 


Dilated cardiomyopathy (DCM) in dogs is associated with shortened 
survival after the development of clinical signs of congestive heart 
failure.*? A number of different etiologies including genetic, nutri- 
tional, toxic, and infectious can cause the DCM phenotype of ventric- 
ular enlargement and poor systolic function.*® Recent concerns 
surrounding a possible association of DCM with grain-free (GF) diets 
or diets with peas, lentils, or potatoes as main ingredients have arisen 
because of reports to the Food and Drug Administration in combina- 
tion with peer-reviewed clinical studies.” +? Taurine and carnitine defi- 
ciencies are known to cause nutritional DCM,®***° but neither of 
these deficiencies appear to be strongly associated with disease in 
most dogs with suspected GF or pulse-rich diet-associated cardiac 
abnormalities.12797°+® Although the underlying reasons for cardiac 
abnormalities in some dogs eating GF diets or diets with peas, lentils, 
or potatoes as main ingredients are not known, we recently reported 
higher high-sensitivity cardiac troponin | (hs-cTnl) concentrations in 
healthy dogs eating diets with those characteristics compared to dogs 
eating diets without those characteristics, which could be consistent 
with subclinical cardiomyocyte injury.*7 

Recent publications have reported that some dogs suspected to be 
affected by DCM associated with GF diets or diets with peas, lentils, or 
potatoes as main ingredients (even those dogs with congestive heart 
failure) can clinically and sometimes echocardiographically improve 
after transition to a grain-inclusive (GI) diet lacking pulses or potatoes 
as main ingredients.1°?213 Some of these dogs also have received tau- 
rine supplementation despite a lack of lower blood taurine concentra- 
tion, however, and thus the role of taurine supplementation in clinical 
recovery of diet-associated DCM in this situation remains unknown. 
Although improvement in cardiac function over time is not expected 
with genetically-based DCM, the use of positive inotropic agents and 
lack of definitive test for diet-associated DCM have obscured interpre- 
tation of improved systolic function after diet change.’*"** 

The objective of our prospective study was to determine if diet 
change modulates cardiac biomarkers (hs-cTnl or N-terminal pro-B- 
type natriuretic peptide [NT-proBNP)]), or echocardiographic variables 
over a 1-y period in apparently healthy dogs with subclinical abnor- 
malities that were evaluated as part of a previous cross-sectional 
study.’” We hypothesized that healthy dogs with cardiac biomarker 
or echocardiographic abnormalities that were eating GF diets at base- 
line would show improvements in these variables after diet change, 
but that dogs eating GI diets at baseline would not show improve- 


ments after diet change. 


2 | METHODS 


This prospective study was approved by the Institutional Animal Care 
and Use Committee at the University of Florida, College of Veterinary 
Medicine. (201810504). All dog owners provided informed consent. 
Enrollment was offered to owners of dogs that participated in a previ- 


ous study?” and met pre-defined inclusion criteria. 
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2.1 | Inclusion criteria 

Owners of clinically healthy dogs evaluated in a previous study” were 
offered enrollment if their dogs had increased serum concentrations 
of hs-cTnl according to the laboratory-provided reference range 
(>0.06 ng/mL), increased NT-proBNP concentrations according to the 
laboratory-provided reference range (>900 pmol/L for Miniature 
Schnauzers and Golden Retrievers, and >735 pmol/L for Doberman 
Pinschers), or 1 of the following echocardiographic variables that were 
below or above predefined cutoff values: fractional shortening 
(FS) <25%, or normalized left ventricular internal dimension in diastole 
(LVIDdN) >1.8, or normalized left ventricular internal dimension in 
systole (LVIDSN) >1.2.17 Dogs that met any of these criteria were per- 
mitted enrollment if the owners were willing to feed an intervention 
diet over a 1-y study period and agreed to return for scheduled 
re-evaluations. Enrollment was offered regardless of whether the dog 
was eating a GF or Gl diet at initial evaluation, as long as the diet was 
not 1 of the intervention diets offered for transition. 

Dogs with stable, treated hypothyroidism were eligible for study 
inclusion. Although taurine supplementation to address deficiencies in 
this amino acid was allowed, it was not recommended if blood taurine 
concentrations were within the normal reference range. Owners were 


allowed to continue the use of other dietary supplements. 


2.2 | Procedures 


2.2.1. | Examination and diet history 
Physical examinations were performed at baseline and every 3 mo 
after diet change. Body weight and body condition score (1-9 scale) 


t.2° Owners filled out a diet history form at 


were recorded at each visi 
each visit describing the type, amount, and duration of diet being fed 


as well as supplements or medications that were given. 


2.2.2 | Diets 


The diets being fed at study enrollment were categorized as either GF 
or Gl as previously described.1” The owners of enrolled dogs were 
instructed to transition their dogs' diets slowly over 1-2 weeks to 1 of 
6 intervention diets offered (Table S1A). Intervention diets for this 
study were Gl, lacked pulses or potatoes in the top 25 ingredients 
and, for some, had been part of the recovery regimen for dogs with 
suspected diet-associated DCM in the authors' clinical practices. Six 
diets were offered to the owners of enrolled dogs to limit variability 
but still allow for owner preferences and specific dog needs, such as 
perceived allergies or overweight body condition. Only 1 diet per dog 
was allowed for the course of the study. 

A pulse score was calculated for all diets in the study in an 
attempt to quantify pulses based on their position in the ingredient 
list and the number of pulses included. The top 25 ingredients were 


numbered in descending order from 25 to 1 and the assigned numbers 
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for all pulses or pulse fractions were summed to obtain the pulse 
score. For example, the top ingredient received a score of 25, the 2nd 
ingredient a score of 24, and so on until the 25th ingredient, which 
received a score of 1. A separate, pulse/potato score was calculated 
in the same manner to include pulses, pulse fractions, potatoes, sweet 


potatoes, or potato fractions. 


2.2.3. | Echocardiography 

Standard echocardiography with concurrent ECG monitoring was 
performed without sedation at baseline and every 3 mo after diet 
change. Echocardiographic images and video loops were electroni- 
cally stored for analysis after study completion. Left ventricular mea- 
surements were made in triplicate off-line after study completion by 
1 of the investigators (DA) who was blinded to dog identity, visit 
date, and baseline diet type. Measurements included LVIDd and 
LVIDs obtained from right-parasternal short-axis M-mode, and left 
ventricular volume in diastole and systole generated using Simpson's 
monoplane method of discs from the right parasternal long-axis 
view.212 Ejection fraction (EF) and FS were calculated, LVIDd and 
LVIDs were normalized to body weight using allometric scaling 
(LVIDdN and LVIDsN), and left ventricular volumes were indexed to 
body surface area to obtain EDVI (mL/m?) and ESVI (mL/m?) as pre- 
viously described.1”777?° The rhythm during the echocardiogram 
was noted using the monitoring ECG. Twenty-four hour Holter mon- 
itoring was performed if clinically indicated, but was not part of the 


original study protocol. 


2.2.4 | Genotyping 

Doberman Pinschers were tested for genetic mutations (DCM1 and 
DCM2) associated with DCM in this breed*° as part of the previous 
study.*” 


2.2.5 | Blood sampling 

Blood was collected by peripheral venipuncture into 3 mL (Doberman 
Pinschers, Golden Retrievers) or 1 mL (Miniature Schnauzers) no addi- 
tive tubes and ethylenediaminetetraacetic acid containing tubes for 
cardiac biomarker testing. Samples were verified visually as not hemo- 
lyzed before testing. Serum samples were immediately sent for analy- 
sis of hs-cTnl concentrations using the Gastrointestinal Laboratory, 
Texas A & M University (College Station, TX) using the ADVIA 
Centaur Troponin | Ultra analyzer (Siemens Healthcare Diagnostics, 
Deerfield, IL) an assay that has been validated for use in dogs.7* 
Ethylenediaminetetraacetic acid plasma samples were immediately 
sent for analysis of NT-proBNP concentrations by IDEXX Laboratories 
(Westbrook, Maine). Lithium heparinized whole blood and plasma tau- 
rine concentrations were measured as part of the previous study?” 


(corresponding to the baseline evaluation of the present study) at the 
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Amino Acid Laboratory (University of California, Davis, Davis, CA) but 


were not serially monitored. 


2.3 | Timeline for evaluations after diet change 

After the dogs were fully transitioned to the intervention diet, the 
owners were instructed to bring their dogs back for reevaluation 
every 3 mo for a period of 1 y. Each of these visits included a physical 
examination, echocardiogram, and determination of hs-cTnl and 


NT-proBNP concentrations. 


2.4 | Statistical analysis 

Data are presented as means and SD if normally distributed and 
medians and ranges if nonnormally distributed. Differences between 
the GF and GI diet groups were examined using unpaired t-tests for 
normally distributed continuous data (or Mann-Whitney test for non- 
normally distributed continuous data) and using Fisher's exact test or 
Chi-squared test for categorical data. The percentage of dogs exam- 
ined at each intended time point and the actual time in months after 
diet change for each visit were calculated to quantify the impact of 
COVID-19 restrictions on data collection activities. Data from each 
visit after diet change (designated as V3, V6, V9, and V12 with the 
numbers denoting the intended months after diet change) were 
included in the final analysis if >50% of dogs were examined at the 
scheduled time point. Mixed modeling was used to evaluate differ- 
ences in various categorical and continuous variables between base- 
line diet groups, changes over time, and interactions between baseline 
diet group and time (body weight, body condition score, hs-cTnl, 
NT-proBNP, LVIDdN, LVIDsN, FS, EDVI, ESVI, and EF). This analysis 
was performed controlling for breed, weight, and the intervention diet 
for all outcomes with the exception of weight, LVIDdN, and LVIDsN. 
Analyses of weight, LVIDdN, and LVIDsN were performed controlling 
only for breed and intervention diet because weight is already incor- 
porated into these indices. Median values at each time point were 
graphed for those variables with statistically significant time: group 
interactions to visually illustrate directional changes over time for 
each group. Commercial software was used for all data analyses (SAS 
9.4, Cary, North Carolina). P< .05 was considered statistically 


significant. 


3 | RESULTS 


3.1 | Study population 

Figure 1 is a flow chart illustrating the number and breeds of dogs that 
were enrolled in the study between May 2019 and May 2021, and 
which dogs contributed to study attrition. Twenty-four dogs were 
enrolled (13 GF and 11 Gl) but 3 dogs died before the first evaluation 
at 3 mo (2 GF, 1 Gl), and 1 dog (GF) was excluded after enrollment 
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Assessed for eligibility (n=102) 


Excluded (n=78) 


¢ Did not meet inclusion criteria (n=65) 
¢ Declined to participate (n=7 [2GF, 5GI]) 


—_____» 
v 


Enrolled (n=24) 


¢ Already being fed an intervention diet (n=6) 


[ Original diet GF n=13 | 


3 DP, 6 GR, 4 MS 


Euthanized (1 DP neoplasia, 1 MS 
fibrocartilaginous emboli) 


+ 


Post-enrollment exclusion due to treatment ‘ 
with pimobendan and enalapril (1 DP) 


Transition to 


[ Original diet GI n=11 


Lost to follow-up (1 GR) 


Owner withdrawal (1 GR) 


v 


1 DP, 4 GR, 3 MS 


Intervention diet 
5DP,6GR 
Sudden cardiac 
death (1 DP) 
[s month evaluation | 4DP,6GR 
6 month evaluation 4DP,6GR 
4DP,6GR 


[ 12 month evaluation | 


n=10 (1 DP, 6 GR, 3 MS) 


| Evaluable cases ] 


n=10 (4 DP, 6 GR) 


FIGURE 1 _ The flow diagram illustrates the enrollment of dogs, reasons for exclusion, reasons for attrition, number of statistically evaluable 


cases, and the breeds for each of these categories 


because pimobendan and enalapril were prescribed to treat systolic 
dysfunction. Two GF dogs completed the study to 6 mo, after which 
time 1 was lost to follow-up and the other withdrawn at owner 
request. Eight GF dogs and 10 GI dogs completed the study to 12 mo. 
The 2 GF dogs that completed the study to 6 mo were considered 
evaluable and were included in the mixed modeling analysis during 
statistical analysis. 

No statistically significant differences were found in sex, age, 
breed, or reasons for enrollment at baseline between the evaluable GF 
and GI dogs (Table 1). Body weight at baseline was significantly lower 
for GF dogs compared with GI dogs (Table 1). Mixed model analysis of 
all study time points showed significant differences in body weight 
between the GF and GI groups (P = .02) but not over time or as an 
interaction after controlling for breed and intervention diet (Table 2). 
The weight difference between groups occurred because 3 Miniature 
Schnauzers (the only small breed studied) were part of the GF group 
and no Miniature Schnauzers were part of the GI group (Table 1). No 
statistically significant differences in body condition scores were pre- 


sent between groups, over time, or as an interaction term (Table 2). 


3.2 | Visit timelines 


Several study visits were not completed because of hospital caseload 


restrictions and owner-initiated rescheduling related to the 


COVID-19 pandemic. The percentage of dogs examined at each 
scheduled time after diet change was as follows: 3 mo (15/21 dogs; 
71%), 6 mo (19/21 dogs; 90%), 9 mo (9/21 dogs; 43%), and 12 mo 
(18/21 dogs; 86%). Data from 0, 3, 6, and 12 mo were included in the 
statistical model because these time points included >50% of enrolled 
dogs. No differences were found between groups for the time of the 


visits (in months) after diet change (Table 1). 


3.3. | Diets and supplements 

Characteristics of diets fed to included GF and GI dogs at baseline are 
shown in Table S1B,C. The GF pulse score (median, 52; range, 0-80) was 
significantly higher than the GI pulse score (median, 0; range, 0-72; 
P = 02). The GF pulse/potato score (median, 96; range, 24-103) was 
higher than the GI pulse/potato score (median, 0; range, 0-78; P = .006). 

One dog (GI Golden Retriever) received levothyroxine chronically 
for stable hypothyroidism and the dosage was not changed during the 
study. 

Only 1 dog (GF Golden Retriever) had a whole blood taurine concen- 
tration below the reference range (192 nMol/mL; reference range, 
200-350) but above the known deficiency concentration of 150 nMol/mL, 
and with a normal plasma taurine concentration (77 nMol/mL; reference 
range, 60-120 nMol/mL). All other dogs had both normal whole blood and 


plasma taurine concentrations. The owner of the dog with slightly low 
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TABLE 1 
(number of dogs or mean + SD) 


Reason for enrollment hs-cTnl >0.06 ng/mL 


NT-proBNP >900 Golden Retriever and Miniature Schnauzer, 


>735 Doberman Pinscher 
FS <25% 
LVIDdN >1.8 
LVIDsN >1.2 
Time (months) of rechecks 3-mo visit 
after diet change utara whet 
12-mo visit 
Sex Female (intact or spayed) 
Male (intact or neutered) 
Breed Golden Retriever 
Doberman Pinscher 
Miniature Schnauzer 
Age (months) 


Weight (kg) 


Note: P values for statistically significant findings are bolded. 
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Reason for enrollment, recheck times, and demographic data are shown for 10 grain-free (GF) and 10 grain-inclusive (GI) dogs 


GF Gl P value 

8 5 35 

1 5 14 

3 6 37 

1 ) 99 

1 3 58 
3.2+0.8 3.7 +0.6 16 
6.6+0.9 6.7 +0.9 81 

12.3 + 0.7 achat ss hss) .24 

5 5 1.0 (overall) 
S} 5 

6 6 .09 (overall) 
1 4 

3 0) 

67.5 + 39.0 61.4 + 32.6 .60 

23.5 + 10.3 34.6+4.1 01 


Abbreviations: FS, fractional shortening; GF, grain-free; Gl, grain-inclusive; hs-cTnl, high-sensitivity cardiac troponin |; LVIDdN, normalized left ventricular 
internal diameter in diastole; LVIDsN, normalized left ventricular internal diameter in systole; NT-proBNP, N-terminal pro B-type natriuretic peptide. 


whole blood taurine concentration gave taurine supplementation. Other 


dietary supplements given to the dogs are listed in Table $2. 


3.4 | Cardiac biomarker findings 

A statistically significant time: group interaction was found for 
serum hs-cTnl concentrations after controlling for the dogs' 
weight, breed, and intervention diet (P = .02, Table 2). The nature 
of this interaction is shown in Figure 2, which depicts median con- 
centrations for each group at each time point. The median hs-cTnl 
concentration for the GF dogs decreased over time whereas the 
median hs-cTnl concentration for the Gl dogs was stable to mini- 
mally increased over time, with convergence of the groups at the 
6-mo evaluation. 

A statistically significant group difference was found for NT- 
proBNP (P = .04), but no statistically significant differences were 
found over time, or as a time: group interaction, after controlling for 
the dogs' weight, breed, and intervention diet (Table 2). 


3.5 | Echocardiography findings 

Statistically significant time: group interactions were found for 
both LVIDsN (P = .02) and FS (P = .01; Table 2). The nature of 
these interactions is shown in Figure 3A,B, which depict median 
results for each group at each time point. The GF dogs showed a 
consistent decrease in median LVIDsN over the study period 


whereas results for the GI dogs fluctuated without apparent 


change during the study period. Median FS for the GF dogs 
increased over time more than the FS for the GI dogs, but temporal 
fluctuation in measurements occurred for both groups, resulting in 
2 crossover points. The EDVI was significantly different between 
groups and changed significantly over time, but no time: group 
interaction was found (Table 2). No significant differences were 
found between groups, over time, or as time: group interactions 
for LVIDdN, ESVI, or EF, after controlling for the dogs' weight, 


breed, and intervention diet (Table 2). 


3.6 |  Electrocardiography findings 

One GF dog (Golden Retriever) had single ventricular premature 
complexes (VPCs) noted on the monitoring ECG during echocardiog- 
raphy. These VPCs were frequent at VO, intermittent at V3, and not 
observed at subsequent visits. A 24-hour Holter monitor at V12 
showed 21 single VPCs and 1 ventricular couplet, but a baseline 
Holter study was not available for comparison. Arrhythmias were 


not noted in any GI dogs. 


3.7. | Genotyping 

The GF Doberman Pinscher was DCM1 negative/DCM2 negative. 
The 4 GI Doberman Pinschers were DCM1 heterozygous positive/ 
DCM2 negative (n = 2), DCM1 negative/DCM2 positive heterozy- 
gous (n = 1) and DCM1 homozygous positive/DCM2 heterozygous 


positive (n = 1). 
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FIGURE 2. Median high sensitivity cardiac troponin | (hs-cTnl) 
concentrations are shown at each time point after diet change for 
both diet groups. (0) Grain-free, (m) grain-inclusive. P = .26 between 
groups, P = .30 over time, P = .02 for time: group interaction 
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FIGURE 3 (A) Median normalized left ventricular internal 
diameter in systole (LVIDsN) results are shown at each time point 
after diet change for both diet groups. (o) Grain-free, (m) grain- 
inclusive. P = .38 between groups, P = .25 over time, P = .02 for 
time: group interaction. (B) Median fractional shortening (%) results 
are shown at each time point after diet change for both diet groups. 
(o) Grain-free, (m) grain-inclusive. P = .83 between groups, P = .75 
over time, P = .01 for time: group interaction 


4 | DISCUSSION 


Our main finding was that serum hs-cTnl concentrations and LVIDsN 
decreased over a 1-y period in dogs with subclinical cardiac abnormal- 


ities that were being fed GF diets at the time of enrollment and were 
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transitioned to an intervention diet. The significant interaction 
between diet group and time for both of these variables was charac- 
terized by decreases in the GF dogs during the study period that did 
not occur in the GI dogs. Decreased serum hs-cTnl concentrations 
after diet change in GF dogs suggests decreased cardiomyocyte injury, 
whereas decreased LVIDsN suggests improved systolic performance, 
both of which indicate positive modulation by diet of cardiac structure 
and function in these dogs. The apparent improvement in ventricular 
arrhythmias in 1 GF dog after diet change is noteworthy, but it is diffi- 
cult to draw conclusions without more affected dogs and a more com- 
plete and systematic cardiac arrhythmia evaluation. 

The decreases in serum hs-cTnl concentrations and LVIDsN dur- 
ing the study period were observed in GF dogs but not in GI dogs, 
which supports the characterization of diets of concern that are based 
on GF designation. Importantly, however, there are other characteris- 
tics associated with GF status, including the use of pulses or potatoes 
that typically are used to replace grains. Although pulses and potatoes 
are also part of many GI diets and have been used in dog food formu- 
lations for many years,’® the pulse score and pulse/potato score 
(which were used in an attempt to quantify the amount of pulses and 
potatoes) were both significantly higher in the GF diets compared to 
the GI diets. These ingredients or the amounts used could be linked to 
the changes in serum troponin concentrations we observed. Other, as 
of yet unidentified, factors associated with GF diets also could be 
important. 

This finding expands results of the previous cross-sectional study 
which found higher hs-cTnl concentrations in dogs fed GF diets com- 
pared to dogs fed GI diets.1” Although serum hs-cTnl concentrations 
from the GF dogs in that study were not markedly increased, other 
research in dogs and people indicates that even low-level, subclinical 
increases in hs-cTnl concentration can indicate cardiomyocyte injury 
secondary to noncardiac disease, diet, and cardiotoxic drugs, and can 
adversely impact prognosis.2° 2? The decrease in hs-cTnl concentra- 
tions after diet change in GF dogs in our study suggests that these 
low-level increases at baseline were not necessarily normal for these 
dogs and might be clinically important. 

The ability of diet to modify disease is not a new concept. People 
who are at risk for cardiovascular disease can lower their serum car- 
diac troponin concentrations by changing to healthier diets, presum- 
ably mitigating the effects of subclinical cardiomyocyte injury.2°°° 
Although the cause and clinical relevance of possible subclinical car- 
diomyocyte injury in some healthy dogs eating GF diets remain 
unknown, a recent report showed differences in biochemical com- 
pounds in dog foods that seem to be associated with diet-associated 
DCM compared to dog foods that do not appear to be associated with 
diet-associated DCM.** More information is needed to understand if 
these differences represent excesses or deficiencies of certain nutri- 
ents or other biochemical compounds. 

Regardless of the underlying causes of observed hs-cTnl 
increases that might signal subclinical myocardial injury associated 
with the consumption of GF diets, the results of our longitudinal study 
importantly indicate reversibility after diet change in this group of 


dogs. Our results support the potential for the myocardium to recover 
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from diet-associated DCM, as has been described in several clinical 
reports.?712"78 

We also found a significant time: group interaction for FS. Visual 
inspection of the relationship between the GF dogs and GI dogs over 
time (Figure 3B) showed fluctuations between timepoints without 
clear separation of groups. The clinical importance of this finding 
should be verified in larger studies. Although EDVI was significantly 
different between groups and changed significantly over time, possi- 
bly because of measurement variability between timepoints, no signif- 
icant time: group interaction was identified. We also failed to find 
differences in NT-proBNP between GF dogs and Gl dogs over time or 
as a group: time interaction, although a group difference was 
detected. Relatively few dogs were enrolled on the basis of increased 
NT-proBNP concentration, and it is not surprising that this indicator 
of myocardial stretch in these dogs with subclinical cardiac abnormali- 
ties did not change significantly after diet intervention in either group. 

A unique aspect of our study is the combined serial evaluation of 
cardiac biomarkers and echocardiography in both GF dogs and Gl 
dogs that underwent diet change. The results support a car- 
diomyocyte injury-based mechanism underlying the development of 
heart disease in some dogs eating GF diets. Our study had several lim- 
itations. Small sample size and the limited number of breeds studied 
limit extrapolation to a larger canine population, and we likely had low 
statistical power to detect some clinically meaningful differences in 
terms of changes in NT-proBNP and some of the echocardiographic 
variables. One dog received taurine supplementation because of a 
slightly low whole blood taurine concentration. Although unlikely, we 
cannot exclude the possibility that this supplementation affected the 
results. Genetic influences (aside from the known mutations associ- 
ated with DCM in Doberman Pinschers) and environmental factors for 
the dogs in our study are unknown, and it is possible that the current 
diet-associated DCM issue is multifactorial. Cardiac rhythm status 
was not evaluated by 24-hour Holter monitoring in our study and, 
therefore the effect of diet change on the dogs' rhythm status cannot 
be determined. Our statistical approach and the control group were 
used to lessen the effects of individual patient biologic variability of 
cardiac biomarkers, but some residual effect could have occurred. We 
considered it necessary to offer a small choice of intervention diets to 
encourage study participation and meet the needs of individual dogs. 
We controlled for the chosen intervention diet, but using several diets 
could have introduced some variable nutrient composition that might 
have limited the ability to detect changes in some variables. Many 
commercially available diets were not included, either as baseline or 
intervention diets, and our results generally should be viewed with a 
focus on the observed group differences over time, rather than specif- 
ically concentrating on certain dog foods. 

Our results showed that dogs fed GF diets before study enroll- 
ment experienced decreases in serum hs-cTnl concentrations and 
LVIDsN over a 1-y follow-up period after diet change, compared with 
dogs fed GI diets before study enrollment that did not demonstrate 
these improvements. These findings support the potential for disease 
reversibility and suggest that even apparently healthy dogs eating GF 


diets with subclinical cardiac abnormalities might benefit from 
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changing to a GI diet that is low in pulses and potatoes. Although 
increased cardiac troponin | concentrations signal cardiomyocyte 
injury, they do not provide information about etiology, and, therefore, 
future research should be directed at determining the underlying cau- 
ses behind mild increases in hs-cTnl concentrations in dogs eating GF 
diets. Additional studies to determine how diet change might impact 


other breeds or dogs with overt cardiac disease also are warranted. 
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